Purpose: Recently, an increase in well-differentiated rectal neuroendocrine tumors (WRNETs) has been noted. We aimed to evaluate transanal endoscopic microsurgery (TEM) for the treatment of WRNETs. Methods: Between December 1995 and August 2009, 109 patients with WRNETs underwent TEM. TEM was performed for patients with tumors sizes of up to 20 mm and without a lymphadenopathy. These patients had been referred from other clinics after having been diagnosed with WRNETs by using a colonoscopic biopsy; they had undergone a failed endoscopic submucosal dissection (ESD) or endoscopic mucosal resection (EMR) and exhibited an involved resection margin and remaining tumor after ESD or EMR, regardless of the distance from the anal verge. This study included 38 patients that had more than three years of follow-up. Results: The mean age of the patients was 51.3 ± 11.9 years, the mean tumor size was 8.0 ± 3.9 mm, and no morbidity occurred. Thirty-five patients were asymptomatic. TEM was performed after a colonoscopic resection in 13 cases because of a positive resection margin, a residual tumor or a non-lifting lesion. Complete resections were performed in 37 patients; one patient with a positive margin was considered surgically complete. In one patient, liver metastasis and a recurrent mesorectal node occurred after five and 10 years, respectively. Conclusion: TEM might provide an accessible and effective treatment either as an initial or as an adjunct after a colonoscopic resection for a WRNET.
INTRODUCTION
Well-differentiated rectal neuroendocrine tumors (WRNETs) account for approximately 15% of all gastrointestinal neuroendocrine tumors and 1.3% of rectal tumors [1] . Yao et al. [2] reported a four-fold increase in the frequency of neuroendocrine tumors,
METHODS
Between December 1995 and August 2009, 118 patients were treated for WRNETs; 109 underwent TEM, and a radical resection was performed in 9 patients (8 low anterior resections, and 1 abdominoperineal resection) at the Samsung Medical Center. Among the consecutive 109 patients that were treated by TEM, 38 patients (25 male, and 13 female) with more than three years of follow-up were analyzed in this study. TEM was performed for patients with tumors sizes of up to 20 mm and without a lymphadenopathy. These patients had been referred from other clinics after having been diagnosed with WRNETs by using a colonoscopic biopsy; they had undergone a failed endoscopic submucosal dissection (ESD) or endoscopic mucosal resection (EMR) and exhibited an involved resection margin and remaining tumor after ESD or EMR, regardless of the distance from the anal verge. (Fig. 1) .
The instrument used for TEM was manufactured by Rich and Wolf Medical Instruments Corporation (Vernon Hills, IL, USA). The rectoscope had a 4-cm diameter and two different lengths, 12 cm and 20 cm, that were fixed for use on the operating table by using a Martin arm. An airtight face-piece with four ports sealed by rubber sleeves and caps was attached, and carbon dioxide gas was used. Various endoscopic instruments were used to resect the rectal tumor through the ports. The resected tissue specimens were stained with hematoxylin and eosin.
The demographic features, operation times, postoperative hospital days, follow-up duration, tumor size, distance from the anal verge, tumor-related symptoms and reasons for TEM were analyzed. The first postoperative colonoscopy, abdominopelvic computed tomography (CT) and/or transrectal ultrasonography (TRUS) were performed within six months of the procedure. If the results were non-specific, an annual follow-up was recommended.
RESULTS
The patient characteristics are described in Table 1 . A preoperative abdominopelvic CT was performed for 16 patients (44.7%) to investigate distant metastases and perirectal lymphadenopathy. Among 38 patients, 13 had a TEM performed after colonoscopic treatment due to positive resection margins (10 patients, 26.3%), remnant lesions (2 patients, 5.2%) and a non-lifting lesion (1 patient, 2.6%). One patient had postoperative urinary difficulty, but recovered with conservative treatment. None of the patients had fecal incontinence during the follow-up.
By the pathologic results, 23 patients had a tumor confined to the submucosa with a negative resection margin. Thirteen patients who had TEM performed after colonoscopic treatment showed no residual tumors with negative resection margins. One woman had a tumor invading the muscle with a negative resection margin; that patient declined additional surgery. One tumor with a pathologically-determined positive margin received no further treatment because the surgeon considered the resection complete. That patient had no recurrence during a more than six-year follow-up.
During a mean follow-up period of 72.4 months, there was one recurrence (2.6%). One male patient with a 20-mm WRNET who declined radical surgery had bilateral hepatic metastases after five years. This patient underwent a right hemihepatectomy and radiofrequency ablation of a left lobe tumor. Five years after the hepatectomy, mesorectal lymphadenopathy was identified around the previous TEM site, and a low anterior resection was performed.
There was no recurrence after one year of follow-up.
DISCUSSION
Similar to the results of the SEER 17 [2] , the results of this study show a recent increase in the frequency of well-differentiated endocrine tumors. This is likely due to an increase in the number of persons undergoing national health colonoscopy screening. According to seventh Union for International Cancer Control revision of staging, gastrointestinal neuroendocrine tumors lesion smaller than 1 cm are classified as T1, and all gastrointestinal neuroendocrine tumors are considered malignant [3] . Patients with tumors smaller than 10 mm, representing 80% of the WRNETs, can be managed by endoscopic resection or TEM [9] . We also had no recurrence in patients with tumors smaller than 20 mm. TEM has several advantages. It enables the resection, with a sufficient margin, of tumors reaching the upper rectum, and it can be used as an adjunct to failed ESD or EMR procedures. Using TEM, a surgeon can excise upper rectal lesions up to 20 cm in full thickness, dissect the perirectal area, sample the perirectal lymph nodes, and provide precise suturing of the rectal wall [10] . A resection, in full thickness, facilitates a full investigation of the tumor and lymph nodes and helps to ensure a negative resection margin. Moore et al. [8] compared TEM and TAE for rectal tumors and reported that TEM was more likely than TAE to yield a clear resection margin and a lower recurrence.
Although a conventional endoscopic resection of these tumors avoids the risks of general anesthesia, it is associated with high rates of tumor-positive or uncertain resection margins, of residual tumors [11, 12] , and of patient discomfort due to the long procedure time [13] . TEM has been reported to take less operation time than ESD [4, 5] . Even with the cap, an endoscopic submucosal resection leaves a positive resection margin in 14.3% of the procedures [14] . We investigated the role of TEM as a treatment for only WRNETs. This series from a single institution showed that TEM could obtain negative resection margins during initial surgeries when used as an adjunct for failed endoscopic treatment. However, one patient who was thought to have had a surgically-complete resection was revealed to have had an incomplete resection margin after TEM. That patient had no disease recurrence during the following five years of observation.
The treatment selection and prognosis of patients with WRNETs depends on the tumor size, lymphadenopathy, depth of invasion, angioinvasion and the histological differentiation [15, 16] . Based on these results and the results of previous studies [5, 10] , we are refining and recommending our clinical and pathological diagnostic criteria for WRNETs, and we are developing a protocol for pre-and postoperative radiology evaluation, as well as follow-up, based on recent changes in staging. The follow-up and observation period of patients with these tumors must be extended. Prior studies [15, 16] have shown that even for tumors smaller than 1 cm with a low risk for malignancy, a protocol with preoperative evaluation and a follow-up of at least 10 years are essential for optimal treatment and management and for further development of practical guidelines. If the tumor is more than 2 cm or less than 2 cm with lymphadenopathy on abdominopelvic CT or magnetic resonance imaging and/or additional risk factors exist, a radical resection should be performed. In cases of tumors less than 1 cm or between 1 to 2 cm without lymphadenopathy, a TEM may be considered for the initial procedure (Fig. 2) . If the tumor is less than 2 cm and a TEM is performed, a follow-up with sigmoidoscopy, abdominopelvic CT or TRUS, and chest CT in six months should be carried out. If the results of these studies are non-specific, the follow-up should be yearly. If the tumor treated by radical resection is a WRNET, the scheduled follow-up should be the same as that for a rectal adenocarcinoma.
The limitations of this study include the following. First, WRNETs were generally considered to be benign before the adoption of revised recommendations. As a result, fewer than half of the patients received preoperative radiological evaluations, and there was insufficient information on the risk factors associated with the histological frequency of differentiation, Ki-67 expression and the depth of invasion to assess the patient' s prognosis. Second, although recurrence and metastasis were not observed for tumors smaller than 2 cm, the follow-up may have been too short to reveal all of the features associated with these well-differentiated neuroendocrine tumors.
In conclusion, TEM might provide an accessible and effective treatment for WRNETs smaller than 2 cm either as an initial treatment or adjunct after a colonoscopic resection. Surgically, TEM may achieve an adequate resection margin and full-thickness re- 
